Abstract: Concrete at water-cement (w/c) ratio of 0.30 and 0.35 containing rice husk ash (RHA) at a low specific surface presoaked with equal weight of water wascured in water and ambient air (uncured). The RHA was presoaked in equal mass of water prior to mixing to reduce water demand in fresh concrete usually associated with concrete containing RHA. The aim was to determine the optimum ordinary Portland cement (OPC) replacement with RHA resulting from the reactivity of presoaked RHA and the effects of presoaked RHA on durability properties (coefficient of water absorption and sorptivity) of concrete at the age of 90 days. At w/c ratio of 0.30, OPC replacement with 20% RHA resulted in higher compressive strength compared to control for both water cured and uncured cubes. Improvements in durability properties of concrete resulting from the use of presoaked RHA were recorded.
I. INTRODUCTION
The milling of paddy rice (Oryza sativa) produces husk as an agricultural waste with a low nutrition value. The disposal of rice husk has been very difficult globally because of the large ash residue resulting from improper incineration. Nigeria has the potential for ample quality RHA production suitable for use in the construction industry; it is the second largest rice producing country in Africa, and it has been estimated that 748,000-990,000 metric tonnes of rice husk have been produced based on paddy rice production in 2010 [1, 2] .
Amorphous silica in RHA reacts with Ca
2+
, OH -ions and Ca(OH) 2 (lime) liberated as a result of cement hydration to form a calcium silicate hydrate (CSH) gel that improves concrete strength [3] [4] [5] [6] . It is known that reactivity of amorphous silica in RHA is influenced by the surface area of the particles [7] [8] [9] [10] [11] . However, the work of Cordeiro et al. [12] suggest that particle size distributions aremore important in influencing reactivity when the cellular pore structure of the RHA isintact compared to aspecific surface when the cellular structures break down as a result of grinding. The fine particles of RHA in concrete contribute to increased strength by improving the microstructure of the cement paste in the aggregate-cement zone in concrete [11, 13] .
The works of earlier researchers indicate that the effect of RHA in concrete depends on the country of origin, methods of incineration and chemical treatment of rice husk before incineration [3, 14, 6, 15, 16] . Studies on the optimum amount of cement replacement with RHA in both high strength concrete (HSC) and normal strength concrete (NSC) indicate that the replacement levels depend on cement content and w/c ratio [11, 17] .
The use of RHA in concrete causes an increase in water demand due to the hygroscopic nature of RHA and high specific surface of the particles [18] . This effect has been observed to be linear in cement mortars; the higher the RHA content, the higher the water demand [19] . The demand for water as RHA level increases in concrete leads to a lower slump of fresh concrete and plasticizer must be used to improve workability; this is particularly pronounced whencement replacement with RHA exceeds 10% [11, 17, 20, 21] .
Once the cement in concrete sets, it is important to provide external water to concrete to compensate for moisture loss to the atmosphere and aid cement hydration by curing. Curing enables the control of temperature and moisture movement from and into concrete for a definite period of time [22, 23, 24] . Since cement hydration takes place only in water filled capillaries it is important to keep concrete saturated or as nearly saturated as possible until the water filled pores in the fresh cement paste arefilled to the desired extent by hydrating CSH gels and other solid hydration products [23, 25] . Hydration of cement can be defined as the combination of all chemical and physical processes that take place after contact of the anhydrous solid with water [26] . However, site concrete,being the exception, ishardly cured sufficiently for long for practical reasons.
The objective of this study was to determine the effects of presoaked RHA in concrete in terms of slump, compressive strength development, tensile strength and durability properties. By mixing RHA at a low specific surface in equal weight of water, the cellular pores of the RHA are saturated with water and the RHA is in the saturated surface dry condition.The extra water should achieve two things in concrete: First, it will reduce the water demand in concrete resulting in lower dose of plasticizer, particularly at high levels of cement replacement. Secondly, this pore water at a microscopic level would be available for hydration as calcium silicate hydrate gels develop in concrete; in this regard, the extent to which this water is available and for how long it is available for hydration should influence the compressive strength development of concrete.
II. MATERIALS AND METHOD

A. Materials
The RHA used for this study was produced from rice husk sourced from local rice mills in Minna town, Nigeria using a charcoal fired incinerator. Minna is a small-sized state capital of Niger state; a major rice producing state in the middle belt region of Nigeria.
The incinerator used for producing the RHA was fired using charcoal as solid fuel. The incinerator used for this study was based on the design principles of Allen [27] and Loo et al. [28] . The incinerator consists of two concentric fine steel mesh baskets. The small steel basket was placed inside the bigger basket with the top level and the space between the two baskets filled with rice husk. Red hot charcoal was poured into the small steel mesh basket acting as the receptacle and allowed to burn out. Plates 1-3 show the incinerator in use. Temperature measurements in the incinerator using type k thermocouples recorded maximum temperature of 758oC in the rice husk for less than 4 hours; the maximum temperature recorded in the hot charcoal interior was 838oC and the duration was less than 4 hours. After production, the RHA was ground using a commercial hammer mill. The RHA had a specific gravity of 1.13. For the quantitative determination of the mineral phases of RHA, ground samples were subjected to X-ray diffraction (XRD) analysis. A laser diffraction particle size analyzer, Mastersizer 2000 by Malvern Instruments (UK), was used to determine the particle size distribution of the milled RHA. Plate 4 shows the BSE image of the milled RHA; the cellular structures of the RHA particles are visible in the photomicrograph.
Natural river bed quartzite sand with specific gravity of 2.73 was used as fine aggregates; crushed granite of 20mm maximum size with specific gravity of 2.63 was used as coarse aggregate. The particle size distributions of the fine aggregates correspond to zone 2 sand by the BS 882: 1983 [29] classification. The particle size distributions of fine and coarse aggregates are providedin Table 1 . The concrete mix proportions are given in Table 2 . The cement used is a commercial brand of OPC (Type 1) available in Nigeria. The composition of the OPC by X-ray florescence (XRF) is given in Table 3 . B. Characterization of RHA For the quantitative determination of the mineral phases, 0.9g of sample was mixed with 0.1g corundum used as an internal standard. The amounts of the crystalline phases in the samples were estimated using the integrated peak intensities of the strongest peak for each compound. The intensities were normalized with values of k=I/Icor from Powder Diffraction File database. Normalization factor k for a compound is the ratio of its strongest peak intensity to the intensity of the strongest peak of corundum in a sample containing 50% of the compound and 50% of corundum. The amounts of the crystalline phases were recalculated based on 10% weight corundum added as an internal standard. The amount of the amorphous silica was estimated as the difference to 100%. The XRD analysis was performedusing Philips X'Pert Pro diffractometer equipped with Cu X-ray operated at 40kV and a current of 50mA in a range of 3-80 deg 2θ at a sample rotation of 1rev/sec. Tables 4 and 5 show the composition of the RHA used for this study. Table 4 shows that the total silica content of the RHA determined by XRF was 95.41%. From Table 5 , the amorphous silica content of the RHA was 90% with a LOI of 0.77% at 800oC (6 minutes) and 3.88% at 1050oC (3hours). The LOI is a measure of the quantity of unburnt carbon in the RHA. The values of the loss of ignition satisfied the ASTM C618-03 [30] requirement of 6% (max.) for pozzolans used in concrete. The milled RHA used had a low specific surface of 235m 2 /kg; at this specific surface the cellular structures of the RHA weremaintained. Fifty percent of the RHA particles are less than 46.451µm in diameter and ninety percent of the particles are less than 178.521µm in diameter. The particle size distributions of the RHA determined by laser diffraction are given in Fig. 5 . 
C. Mixing Process and Strength Determination
Weighed RHA was mixed with equal weight of water to produce a soft cake ten minutes before mixing. Half of the weight of coarse aggregates was poured into the rotating mixer; the RHA cake was added and mixed for two minutes before the remaining weight of coarse aggregates was then poured into the mixer. Thereafter, half the weight of the mixing water containing the plasticizer was added to the mixer followed by cement and fine aggregates. The remaining water was then finally added. The concrete mixing in the tilting drum mixer was carried out for three minutes after the final addition of water. The concrete was manually compacted in two layers in 100mm steel moulds.
The slump of the fresh concrete mixes was measured bya standard sump cone using standard procedures in BS EN12350-2:2009 [31] .
A chloride free lignosulphonate based plasticizer (Fosroc's ConplastP505) complying with BS EN 934 [32] standard was used to increase the slump of the mixes. After 24hrs in the moulds, the cubes to be continuously cured in water were demolded and cured in water in compliance withBS 1881. P111:1997 [33] standard.
The cubes that were designated uncured were removed from the moulds after 24hours and stored in the open air on the laboratory floor. The average daytime temperature recorded was 23oC at an average daily relative humidity of 44%. Two sets of cubes were cast for each mix proportion; one set of cubes wascontinuously cured in water while another set wasstored in the open air on the laboratory floor. At predetermined ages, the cubes were removed and their compressive strength was determined. Since the RHA used was presoaked with equal weight of water prior to mixing, the 
D. Coefficient of Water Absorption
Coefficient of water absorption is a measure of permeability of concrete [5, 14] . This is determined by measuring water uptake in dry concrete within 1 hour. The concrete specimens were heated in an oven at 98oC until a constant weight was attained at ten days and the cubes were allowed to cool gradually to room temperature for 24hrs. Four sides of 100mm cube samples were sealed with 1mm thick silicone sealant to a height of 30mm to allow for water absorption on only one surface of the cube. The samples were immersed to a depth of 10mm in water as shown in Fig. 6 . After immersion in water for one hour, the cubes were taken out and the wet surface was wiped of excess water and weighed. The coefficient of water absorption of the specimens at 90 days was calculated from the formula, × , where is the coefficient of water absorption (m2/s), is the quantity of water absorbed (m3) by the oven dry specimen in the time ( ), =3600 seconds and is the surface area (m2), through which water was absorbed [5] .
E. Sorptivity
Sorptivity is a measure of the capillary forces exerted by the pore structure causing fluids to be drawn into the body of the material [5, 36] . The concrete specimens were heated in an oven at 98oC until a constant weight was attained withinten days and then allowed to cool to room temperature for 24hrs. The sides of the cubes were coated with silicone sealant to allowfor the flow of water on only one surface of the cube specimen. The cube specimens were immersed to a depth of 10mm in water on only one surface. The initial mass of the cube was taken at time 0 and at time intervals of 1, 2, 4, 8, 10, 20, 30, 60 and 90 minutes, the samples were removed from water and excess water blotted off and the sample weighed. It was then placed back in water and the process was repeated at the same selected time intervals. The sorptivity value of the specimens at 90 days wascalculated using the formula, , where is the cumulative water absorption per unit area of the surface (m3/m2); is the sorptivity ( and t is the elapsed time (s) [37] . The results of the compressive strength tests on uncured and water cured concrete cubes containing different OPC replacement with RHA by weight at different ages are shown in Table 6 . The compressive strength of uncured and water cured specimens at different test ages at w/c ratio of 0.30 isshown Figures 7 and 8 . The results are the average of three specimen tests. The percentage differences between the compressive strength of uncured and water cured specimens are given in Table 7 .
The tensile strength of concrete cylinders, sorptivity and coefficient of water absorption at 90 days for water cured and uncured cube specimens are shown in Table 8 and Table 9 .
IV. DISCUSSION
A. Compressive Strength
The results of compressive strength tests in Table 6 show that at a w/c ratio of 0.30 at 90 days, 20% OPC replacement with RHA was attained without strength reduction for both water cured and uncured cubes. The results indicate that the presoaked RHA in uncured cubes was not only most reactive at the 5% replacement, but also the cubes had higher compressive strength than water cured specimens at 3, 7, and 14 days. The results in Table 7 show that uncured cubes containing RHA had lower compressive strength losses at 90 days compared to cubes without RHA. This is attributable to the effect of presoaking the RHA with water. It does appear
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Waterproof seal Water Shallow pan that the effect of presoaking the RHA mitigated the effects of moisture loss and self-desiccations in concrete. By presoaking the RHA pores with water, marginal improved early age hydration appeared to have been recorded. Furthermore, the results show that presoaking the RHA did not interfere with the reactivity of the RHA at this w/c ratio. The use of presoaked RHA enabled the simultaneous reduction in plasticizer content and increase in slump at the same time. Usually, when dry RHA is used in concrete production, rapid water absorption by the RHA particles (due to the high specific surface and the hygroscopic nature of the particles) results in water demand. This effectively results in the lowering of slump, thus necessitating the use of plasticizers in order to produce concrete with acceptable slump. By presoaking the RHA with water, the demand for water occasioned by the use of dry RHA is eliminated. . At a higher w/c ratio of 0.35, 5% RHA content was recorded to have resulted in the maximum compressive strength increase at 90 days for both uncured and water cured cubes. From the results in Table 7 , no appreciable mitigation of compressive strength losses due to moisture loss was recorded for uncured cubes containing presoaked RHA at 90days. However, the compressive strength loss at 90 days and other ages for uncured cubes containing 5% RHA was lower than that of cubes without RHA. The extra water from presoaking would account for this. The early compressive strength gains recorded at 20% RHA content could be attributed to extra water available for cement hydration sourced from the water in the RHA pores.
The use of presoaked RHA resulted in lower plasticizer dose and higher slump for mixes containing RHA. The lower compressive strength recorded at the w/c ratio of 0.30 for specimens without RHA compared to compressive of specimens without RHA at w/c ratio of 0.35 was due to the quantity of plasticizer used at this low w/c ratio. Table 8 and Table 9 show that the use of presoaked RHA resulted in slight increases in value as the RHA content increased for both water cured and uncured cylinders. However, in all the specimens, 20% RHA content resulted in lower tensile strength compared to cylinders without RHA. Concrete is generally known to be weak in tensile strength. Though no adequate theory exists to explain the source of strength or bonding for CSH gels, it is accepted that CSH is responsible for the compressive strength properties of concrete. CSH is also known to be weak in tensile strength possibly due to bond break in silicate chains at the atomic scale [38] .The growth of more CSH gels as a result of RHA reactions in concrete contributed to the tensile strength increase recorded.
C. Sorptivity and Coefficient of Water Absorption
The sorptivity measurements of the uncured and water cured specimens in Table 8 and Table 9 show that the water cured specimens had better compact microstructure than uncured specimens. Also the lower w/c ratio mixes had a more compact microstructure than higher w/c ratio mixes. The growth of more solid hydration products as a result of water curing attributed to this. Furthermore, high w/c ratio mixes are known to have more and bigger micro pores resulting from water not used in hydration [39] . However, as the RHA content increased the hygroscopic nature of the RHA contributed to anincrease in sorptivity.
The permeability of concrete as indicated in the coefficient of water absorption measurements in Table 8 and Table 9 at 90 days reduced as the w/c decreased due to a reduction in microscopic pores at lower w/c ratio. It also reduced as more hydration is promoted in water cured specimens. Due to the hygroscopic nature of RHA, the permeability of specimens increased as RHA content increased, with the exception of 5% RHA content. This could be understood to be due to the filler effect of the RHA at this content that improved the microstructure without the counter hygroscopic effect of the RHA.
V. CONCLUSIONS
The results have shown that presoaked RHA isnot only reactive in concrete, but that 20% of cement canbe replaced by the presoaked RHA at low specific surface. The optimum percentage OPC replacement with presoaked RHA recorded in this study generally agrees with other studies using dry RHA. It also shows that the percentage RHA replacement content without strength loss isalso dependent on the w/c ratio of the concrete mix. The results have also shown that the slump of fresh concrete canbe increased without an increase in plasticizer content by using presoaked RHA. Furthermore, the results have demonstratedthat the usual reduction of slump of fresh concrete associated with the use of RHA in concrete canbe drastically reduced by presoaking RHA in equal mass of water prior to mixing. Improvements in durability properties of concrete at 5% RHA content have also been shown.
